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Abstract: Household and municipal solid waste (MSW) are difficult problems worldwide, but 
nowhere more than in the rapidly growing cities and super-cities where over half of the 
world’s population now lives. An important mitigation is the diversion of reusable materials 
through sorting ‘at source’ in the household, and in countries where most meal preparations 
occur at home, this includes sorting out food waste. In this paper we examine results from an 
early pilot scheme for food waste recycling in 100 communities in the metropolis of Shanghai, 
China, that has had limited success and is ready for reflective changes. We consider different 
approaches in the literature designed to support sorting and reduction of MSW, such as law 
enforcement, top-down policies, community involvement and financial investment, and then 
explore which of these are present and missing in Shanghai. We find that there is 
considerable government support and willingness to make financial investment, but this is not 
as effective as it could be, apparently because of a traditional lack of rigorous use of data, of 
clarification of roles, and of supporting enforcement legislation. Even though financial 
investment is important and significant for the household waste sorting and reduction, it 
cannot produce results on its own. It should be targeted to appropriate stakeholders in the 
context of wider considerations to produce an overall environment for food waste recycling to 
become mainstream.  
 
Key words:  municipal solid waste; food waste; recycling; source separation; financial 
investment; China 
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1. Introduction  
With industrialization and urbanization, the material and cultural life of urban residents is 
expanding, accompanied by a rapid growth of the amount of municipal solid waste (MSW). 
The growth rate of urban household waste has been as high as 8.42% (Wang and Shi, 2009), 
and the amount of MSW is expected to rise from 1.3 billion tonne/year to 2.2 billion 
tonne/year in 2025 (World Bank, 2012). China is no exception to these trends, and therefore, 
since the end of the 1980s, the reduction of household waste has always been a basic 
requirement of the sustainable development envisioned by the government. The integration 
of waste recycling into solid waste management systems, i.e. facilitating eventual reuse of 
waste diverted out through source-sorting, is a very effective way of achieving waste 
reduction. 
Worldwide experience shows that there are several ways to encourage sorting and 
reduction of MSW, including law enforcement, control and command and financial 
investments in capital, set-up of new schemes and public education. We provide a summary 
review in Table 1 of many reported in the literature. 
First, the effective reduction and recycling of municipal waste seems to require clear 
institutional commitment, with clear allocation of responsibilities, guidance and mandatory 
instructions with associated effective regulatory and enforcement mechanisms. Such 
instruments have been introduced in many developed countries and regions such as the EU, 
Japan, South Korea, Taiwan, and China relevant to household appliances, packaging waste, 
and food waste. For example, Li-The Lu et al. (2006) stated that the success of Taiwan’s 
reduction of solid wastes lies primarily in sorting at source (i.e. by residents), which is 
enforced by law. Khetriwal (2009) points out that clarification of responsibilities of government, 
companies and residents is an important reason for Sweden’s success of recycling electronic 
wastes. The Extended Producer Responsibility (EPR) system, which definitively put 
responsibilities on the companies which producer certain goods, is established in law in 
Germany, Switzerland and Japan (Fleckinger and Glachant, 2010). In the US, some 
household waste reduction targets are enforced by law. California, for instance, passed a law 
related to MSW in 1989, requiring the civil authorities in its cities and counties to reduce their 
residual waste by 50% within 10 years; noncompliance would lead to fines of $10,000 a day. 
The Food Regeneration Act of Japan required food wastes to be recycled and reused 
(assuming that source reduction had already been achieved). Food manufacturers, 
supermarket chains, hotels and restaurants are required by that Act to convert vegetable 
wastes, fruit peels and other kitchen wastes into compost, and enter into contracted 
commitments with farmers for its use. Thus, in several parts of the world, clear legal 
allocation of responsibility, backed up with enforcement, has proven effective. 
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Second, the reduction of household waste before it is sent off for treatment seems to 
require the embedding of appropriate incentives into policies from governments: there are 
many examples in the literature. Lombrano
1
 (2009) illustrates the case of Italy where an 
integration of policies for waste sorting, reuse as resource, and waste management systems 
is good for lowering the cost of waste disposal. Through cost accounting, Bohm et al. (2010) 
show that since both the marginal cost and average cost of waste reuse are higher than the 
cost of disposal, supporting policies are needed to make up for the cost gap. EPR systems in 
certain countries provide continuous economic stimuli for the reuse and recycling of waste as 
resource. Lombrano (2009) suggests that subsidies for recycling activities combined with 
penalization of noncompliance made significant contributions. In a case study of Sweden’s 
e-waste reuse and recycling system, Khetriwal et al. (2009) illustrate that financial support via 
related policies and the construction of a reverse logistics industry system were important for 
success. In New Zealand, Boyle (2000) illustrated that a clarification of policies and 
corporation responsibilities was crucial for an effective waste management system. Thus, 
worldwide experience indicates that government policies can be very effective to reduce 
waste production. 
Thirdly, reduction of waste produced by householders can be achieved if they divert 
some to recycling by sorting it ‘at source’ - but this usually requires extensive community 
mobilization and engagement. Many countries have source sorting (by the residents), with 
emphasis on community participation, co-operation between government and corporations, 
environmental education, financial investments for related measures, and door-to-door 
collections. Morrissey and Browne (2004) suggest that sustainable waste management must 
not only be environmentally effective and economically feasible, but also be acceptable to 
society, and go on to propose that the analysis of social factors should be included in related 
decision-making systems.  
Financial stimulation and investment is generally required to initiate and then to set up 
an environment in material rewards; which all the stakeholders are driven to continuously and 
repeatedly conduct waste sorting and reduction. This might include provision of new bins, 
new vehicles, taxes, subsidies, public education or short term consultancies to local civil 
authorities. In effect, this is actually an inner economic stimulus. It is important for the 
coordinating government body to be aware of the impacts of all of the different financial 
interventions on each of the stakeholders: these might be positive or negative, strong or 
weak. 
Policies for such financial stimulation and investment have been carried out in many 
countries in order to support municipal recycling, including various measures to enforce or 
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instruct personnel and legal persons to take on responsibilities. These include waste fee 
discounts or exemptions for households or departments; subsidies or tax relief for producers 
or recycling companies to promote reuse of wastes as resource; taxes on waste treatment 
processes to cause diversion from landfill and incineration plant to integrated treatment plant 
(which include resource recovery); resource taxation on producers to stimulate use of 
recycled materials; and fines on households or departments that do not fulfill their obligations. 
Table 1 summarizes reports of these in the literature, covering various segments of waste 
treatment. 
In this paper we make use of the knowledge base summarized above to explore the 
possible reasons for difficulties in achieving overall success in the early pilot trials of 
household waste sorting in the metropolis of Shanghai in China. The apparent impacts and 
effectiveness of related measures of this pilot scheme will be considered, allowing reflection 
and learning to take forward to the next expansion phases. The pilot scheme has hallmarks 
of many government-led schemes in densely populated cities not only in China but across 
Asia. The lessons learned will thus be useful for many societies where rapid urbanization is 
taking place against a background of increasing economic growth.  
2. Background 
2.1 The current condition of waste collection and treatment is Shanghai 
As a fast-developing city in China, Shanghai produced 7.04 million tonnes of municipal 
solid waste (MSW) in 2011. Its composition and treatment process flows are illustrated by 
Figure 1. With an average increase of 3.9% every year, municipal waste is a major 
environmental concern. During China’s “12
th
 Five Year Plan” period, an increase of 
7,700ton/day is expected. The growth trend of former years is shown in Figure 2. Shanghai’s 
Municipal Government has established a target of reducing waste requiring any final 
treatment by 20% by the end of 2015. 
However, reduction of household waste is an extremely complex social system 
engineering challenge. In the long run, it depends on widespread environmental awareness 
among citizens and effective social mobilization to lead to the primary reduction of waste at 
the point of consumption. This must eventually come from reduced dependence on material 
items, through lifestyle optimization for sustainability. But that is for the future: at this time the 
main priority is to divert as much waste as possible away from ‘final treatment’ options like 
landfill and incineration, and towards reuse or recycling. In rational terms, what we need now 
is intentionally engineered drivers which will, in combination, incentivize this diversion.  
 
2.2 The evolution of Shanghai’s municipal waste sorting practices  
Shanghai is a city with many high density areas, with the majority of its residents living in 
high- or medium-rise apartments. The formal waste collection of municipal waste in Shanghai 
started in the mid 1980s when waste was collected in bags. Initial collective attempts at 
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source sorting (by residents) started in 1995, with a few pioneering communities sorting 
waste as “organic” and “inorganic”. It should be noted that valuable items like plastic bottles, 
any metal, and large card pieces are generally not placed into MSW but are sold directly by 
residents to tinkers, or otherwise passed on. Thus, in this paper all discussions relate to the 
residual waste, which typically has 60-75% food waste (Wang and Nie (2001); Zhuang et al., 
(2008); Hui et al (2006); Tai et al (2011)). 
In 2000, Shanghai was confirmed by the national Department of Construction as one of 
eight pilot cities which should formally promote household waste sorting. Further reports on 
some of these schemes have been reported (Zhao et al., 2009; Zhu et al., 2009; Li et al., 
2009). Waste sorting was formally included in Shanghai’s Three-Year Action Plan for 
Environmental Protection, which symbolizes a formal adoption for government promotion. In 
2007, waste sorting into four categories was introduced: glass, hazardous waste, recyclables 
and others. Waste reduction schemes included one entitled, “Distribution By Large, Sorting 
By Small”; a “Green Account” scheme with its own marketing brand; and a scheme for 
companies or public institutions in 2004 which offered chargeable service for collecting 
business waste, e.g. food or kitchen wastes, waste from building renovations, and other 
specific wastes, for specialized treatment. Thus, throughout the years there have been 
explorations and progress in sorting approaches; various systems for collection, transferring, 
transporting and treating; social marketing, and assessments of performance. These 
schemes have generally promoted the sorting and reduction of household waste, and formed 
some chains of service providers for dry recycling, wet waste, residual waste, textiles, glass, 
e-waste, decoration waste, bulky items, market and park wastes, road sweepings, hazardous 
waste and materials taken into other specialized recovery streams. 
Householders do not currently pay any charges directly attributable to their waste 
collection. The history of waste fees for other contributors to MSW in Shanghai dates back 
to the 1990s, when there were charges on special types of waste: charges on waterway 
waste began in 1990; charges on construction wastes began in 1992; charges on 
disposable plastic lunch boxes began in 2000; and the charge on the kitchen and 
household-type waste of companies began in 2005.  
 In 2011, the “2+3” sorting scheme was implemented via a government project entitled, 
“Low Carbon Practice For Millions, Starting With Waste Sorting”.  Waste was firstly sorted 
into two streams - dry and wet – with dry waste later divided into glass, textiles and ‘other’ 
waste. (It should be remembered that valuable dry recyclables were not usually put into the 
waste to begin with, so were not present.) The wet waste was mostly food waste.  
The “2+3” scheme was encouraged by the Municipal government onto the 19 district 
governments, which chose different ways to proceed. The existing facilities and services in 
most districts was a mixture of state and private, but none fully market based, so each district 
had to decide which elements of facilities, services, education and liaisons to spend funds on. 
The next level down of civil government is known as ‘street’ committees, which are each 
responsible for ‘communities’ in their neighborhood, which typically are gated communities of 
2-30 apartment blocks with typically 200-1,500 households. Each household typically 
deposits its waste into communal bins, which are emptied daily and overseen by a 
community ‘cleaner’. Standard MSW waste vehicles take the waste away, typically to transfer 
stations where it is sometimes sorted, compressed and taken on to final treatment (see 
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Figure 2). Although some small companies existed already that could potentially collect and 
treat the new source of separated food waste, new systems needed to be set up including 
new communal bins, new vehicles, new local compressions stations to remove excess water 
content and, ultimately, new treatment facilities. Community committees needed guidance to 
give their residents and cleaners, and an education program needed to be set up. In many 
cases this consisted of open talks and then the placing of volunteers in the vicinity of the 
communal bins in the early days (or months) of the scheme to remind residents how to 
recycled – usually 2-4 hours a day during busy periods.  
3. Methodology 
The purpose of this study is to find out and reflect on how the districts of Shanghai 
responded in terms of financial spending to the call from the Municipality to set up a new food 
waste sorting program, and to consider the effectiveness of the funding they each invested. 
By tradition, data of any kind is generally not widely valued, available or shared in China 
at most levels in the way it is in Western countries; data collection of any kind is viewed with 
some concern, and it thus cannot often be easily sourced, especially if not already collected 
in one place. In order to get more detailed knowledge from as close to the source of 
information as possible, requests for information about the first 100 Pilots Schemes were 
sent to all 19 Districts (which later amalgamated to 18 Districts) as each had hosted several 
pilot schemes.  Information was requested on the funding provided or payments made by 
each District for all related purposes to all stakeholders, including capital investments. 
Responses were obtained from 11 Districts. A further enquiry was made to each District about 
its charging policy e.g. for the non-household contributors to MSW such as restaurants and 
businesses; all 19 replied.  Finally, information was requested on the amounts of food waste 
being diverted in the pilots against the amounts of residual waste: 8 replied. 
To supplement the information obtained from the District offices, some informal 
discussions were held with management departments, neighborhood committees, residents, 
waste reclaim businesses, waste transfer stations and small waste compression stations in 
various districts to collect a first-hand understanding of the actual waste sorting and reduction 
taking place. 
 
4. Results 
4.1 The Various Types of Financial Measures Found in Action 
Throughout the historical course of waste sorting and reduction in Shanghai, various 
financial investments have been continuously being developed and implemented. The initial 
financial tool was mainly a charging system for non-household waste and a market incentive 
that, by itself, drove the participation of renewable resource companies. With the 
government’s practical project entitled, “Low Carbon Practice, Waste Sorting First” in 2011, 
Shanghai districts funded various measures towards reducing MSW. The funding purposes 
cannot be easily separated into types, but could be considered as (effectively) financial 
investments in sorting and disposal at the community level, and  investments for 
infrastructure transition to sorting and reuse of waste as resource. Details are given in the 
sections below. 
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4.1.1 Operational Costs: Input from Bureau of Environmental Health and Towns of each 
District 
The pilot projects of waste sorting and reduction require considerable amounts of 
manual labor, material resources and financial resources. This is mainly to pay for the 
purchase and distribution of small bins to be used in household kitchens or alternative bags 
for the wet food waste, for the replacement or provision of specialized communal wet food 
waste bins in the communities, for subsidies for community marketing officers, instructors 
and volunteers, and the purchase of marketing items and small rewards to householders for 
sorting. There are also payments in some cases for vehicle purchases and operating costs 
for the extra collection systems needed for this new waste stream. For each household in the 
100 pilot communities the subsidies averaged 25.74yuan ($3.80) each.  
 
4.1.2 Set-up Costs 
At each ‘ward’ (or ‘neighborhood’) level the relevant committees were involved, and they 
set up information campaigns including door-to-door visits, and demonstrations to residents 
at public events and then regularly at sites of the communal bins at peak hours for 1-2 
months. Subsidies were thus needed for neighborhood committees, instructors, marketing 
officers, sorters and supervisors. For example, an instructor might get a subsidy of 600yuan 
every month.  
 
4.1.3 Incentive for sanitation workers  
The cleaning staff in the communities played an important role in household waste 
sorting and reduction in most of the pilot communities. The sorting by residents was expected 
to account for reductions of only about 20%-30% of the wet (food) waste. In the waste room 
which most communities have on site, the cleaning staff can carry out a secondary sorting to 
separate glass, worn clothes and wet waste from the residual waste. After that sorting work, 
the diversion rate of the wet (food) waste can rise up to 90% . Relevant financial investments 
come from two areas to the cleaners: one comes from the market, by sales of certain 
classified wastes to gain income; the other comes from paid allowances or subsidies from 
Bureau of Environmental Health of the district, paid to the cleaners for the sorting work.  
 
4.1.4 Market profits of renewable energy corporation 
  Besides the wet (food) waste stream, the Pilot projects involve the collection and 
transportation of two other kinds of waste: clothing and glass. So far, recycling companies for 
waste textiles and waste glass have been found to be supportive and co-operative. Pilot 
communities are provided with specially made recycling collection bins for waste clothing by 
the waste textile recycling corporations free of charge, which are emptied by them from time 
to time. Old clothes are passed on to charity institutions which ensure that one Yuan each is 
paid into ‘general city fellowship funds’ to help the needy. In addition, the community 
committee received 0.6 Yuan per kilogram. 
The current financial investments have come from two directions, the market and the 
government, and they are continuously evolving alongside waste sorting methods.  
 
4.2 Lack of standardization in accounting, with no input mechanism adaptive to waste sorting 
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and reduction 
During the pilot period, the average investment of different districts was found to be 1.37 
million Yuan per district, in which 18.43% was used for household bags and bins; 41.15% for 
collection of separated waste in the communities; 13% for the transformation of small 
de-watering stations
2
; and 27% for the collection and treatment of the separated waste (see 
Figure 3). If we take the distribution of waste bins and bags as a marketing investment, then 
marketing alone will account for 24% of average district investments, investment in labor 
accounts for 27% while investment in facilities and equipment accounts for 50% (see Figure 
4).  
Due to immaturity and other factors of the pilot project, the current accounting for waste 
sorting and reduction lacks a uniform, consistent or complete system. Investment in vehicles 
is an example. Some districts purchased many vehicles during the pilot period, but this 
happened in a variety of ways: some had already been planned but were then allocated as 
an expense of this waste sorting program; others applied for finance in the name of this 
program; still others could actually afford the expenses for the pilot themselves. Such 
arbitrary levels of investment allocation could not be controlled by district finance 
departments because they were outside of normal budgets, and because of this it is possible 
that they resulted in higher costs.  
For cost-benefit calculations, it is not possible to devise a valid method to determine a 
‘reasonable’ investment actually needed for the realization of waste sorting. As is reported in 
the questionnaires returned by the districts, the high investment in waste bags was a major 
contributor to the average household costs. In actual fact, special degradable waste bags are 
not necessary or indeed suitable for current treatment methods of wet waste. In some 
districts, wet waste is actually removed from the bags when sanitation workers make their 
secondary sorting, which is a waste of the (expensive) degradable bags. That is an example 
of the phenomenon of investment without considering full effects. The over-investment of 
manual labor in Jiading District is another example. A “four-person crew” of instructors, 
marketing officers, supervisors and volunteers was arranged for every 100 households - five 
times the density of other districts. Others were set up in accordance with the number of 
waste stations: both were an over-investment of manual labor. These mistakes suggest that 
pursuing financial investments without a fundamental planning framework and a sustainable 
structure in the long run is unwise: such activities based around specialized projects cannot 
be sustained: it is very short-termed and short-sighted. A more sensible and formalized 
mechanism of investment should be established. 
 
                                                        
2 Due to the re-construction of small press stations, purchase of vehicles and other equipment is conducted under 
the pilot project, there is situation of operation without full loads. Thus the investment of districts is for reference, 
and it does not reflect the real investment for the demand of waste sorting 
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4.3 Recycling Rates Achieved  
From the information received in response to our requests, it was clear that consistent 
and formalized data collection systems have not been established to monitor recycling rates.  
4.3.1 Lack of systematic data on the effects of the waste sorting and reduction program 
 Looking across the data obtained from the first pilot 100 communities by districts in Table 
2, the outcome of the separation of food waste varies greatly from one district to another, 
from 7.7% to 56.0% and with an average of 28.0%
3
. The situation is similar to other specific 
waste, such as textiles and glass. 
Though components of waste naturally vary from any one community to another, the 
very large variations reported leads to concerns about the data. Under the hypothesis that the 
questionnaires were answered in a manner considered accurate locally, the data as received  
indicated that there were different understandings of the definitions of dry waste, wet waste 
and recyclable waste, resulting in overall data inaccuracy. As no standardized system of 
assessment of waste sorting and reduction has been established, it is virtually impossible to 
go on to make a quantitative analysis on the assessment of the impacts of financial 
investments for waste reduction. The most significant lesson learned from this investigation is 
that there is an urgent need for the setting up of standard measurement and reporting 
systems for waste data. 
 
4.4 Perceptions of responsibilities and the purpose of charging  
Since there is no available data on the function of financial investment in waste sorting 
and reduction, it is hard to make a quantitative assessment. According to the composition of 
Shanghai’s household waste, 66.70% is from residents, 25.18% from chargeable waste and 
8.11% of it is cleaning waste (streets and waterways). We have collected data using 
questionnaires to responsible bodies involve from initial sorting stage to end processing, to 
obtain a qualitative analysis of the financial investment in household waste, and chargeable 
waste respectively. The results are presented below. 
Government and organizations at all levels view the pilot project of waste sorting as a 
political task rather than an economic one, which means they are piloting and promoting the 
project without consideration of costs. Of all the stakeholders involved from the initial 
production of the waste to its treatment, the residents and communities are very key. But the 
fact is that these stakeholders do not currently have a formal responsibility for sorting: it is 
only an activity which is encouraged for them by the government administration, without 
enforcement or effective financial investment. In comparison, community sanitation workers 
(known as cleaners) and some waste merchants have a motivation for sorting, reduction and 
reuse, but it is totally determined by incentives from market prices. When the market for 
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reuse of materials weakens there can be a breakdown of the value chain, and recycling 
activities will be also suspended, which is harmful to the sustainability of the recycling 
program. Furthermore, household waste sorting and reduction is currently promoted by 
government administration, but the first pilot showed that better results depended on higher 
investment of local district administrations. That is a negative incentive, which is bad for the 
sustainability of recycling programs.  
The stream of household waste which is currently charged for is also faced with the real 
difficulty of unclear charging positioning, over-extensive management and misplacement in 
governmental incentives. On one hand, the promotion of waste reduction from charging 
system is not obvious. Using relevant information from questionnaires about the status of the 
waste charges, sent out by Shanghai Bureau of Environmental Health. Analysis between 
reuse levels and waste charging shows no correlation, which indicates that the increase of 
waste fees has not led to more recycling and reuse. Actually, results of the questionnaire also 
shows that the districts don’t have a clear idea of the purpose of the waste charges: 50% of 
them said they believe that the main purpose was to promote reduction and reuse; 45% 
believe that the introduction of the waste charging system lays a foundation for market reform; 
and 40% believe that it mainly aims to generate funds to cover costs for the program. These 
results indicate that so far the idea of relying on the waste charging system to develop so that 
financial investment can achieve waste reduction is misplaced. On the other hand, more 
market reform is still needed: if “pay-as-you-throw” were introduced it would mean that those 
throwing more waste would be directly charged more, which might provide a negative 
incentive to assist waste reduction. 
5. Discussion 
Experience of waste charging systems in developed countries does not, in fact, indicate 
that they necessarily ensure a reduction in waste tonnages. On the other hand, a 
fundamental outcome of a waste fee charging system is to clearly define the responsibilities 
of waste producers and provide funds for waste collection and treatment. So in the 
assessment of financial investments for waste sorting and reduction, there should be a 
correct positioning of the waste fee system, and a re-consideration of its function in waste 
reduction. Waste reduction cannot be reached through a charging system or a rising price 
alone. The function of the system should be manifested through clearly defining the 
responsibilities of waste producers. 
 
5.1 Key Learning Points 
In particular, from the results obtained in this work, the following four key learning points 
can be made: 
First, the establishment of a fundamental system of working definitions and 
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measurements for waste sorting and reduction is lagging behind. Data management systems 
capable of objectively reflecting the progress of any waste sorting and treatment, and rational 
cost accounting methods, are currently absent. 
Second, although a small waste reduction effect has been seen in the current pilot 
programs, it comes from large amount of investment from all districts. The total cost from 
such high-level investment may not be large while the scale of pilot project is small, but if it is 
rolled out, this program as it stands will place huge financial burdens on the district 
governments. In fact, there has been no uniform, normative, or proper cost accounting 
method for tracking or analyzing the actual waste sorting and reduction achieved. The 
activities of all districts have been project-oriented around individual projects, with ad-hoc 
funding requests. ‘Street’ level committees have assumed their duties with assistance from 
important groups like the Environmental Health Department and the Women’s Federation, 
but their applications for finance at this pilot stage were not uniform, normative nor useful to 
generalize. 
Third, the promotion of household waste sorting and reduction is political, with 
administrative driving force. The serious lack of social initiative is manifested in the 
uncertainty of responsibilities of stakeholders such as residents, property management 
corporations and house-owner committees, as well as the lack of proper incentive 
mechanisms. There is no compulsory responsibility or financial investment for these 
stakeholders. The motivation of collection and transportation agencies and neighborhood 
committees is from administrative requirements and their previous contractual obligations. 
Collection and transportation businesses of the district are not concerned about the amount 
of waste they deal with under the financial support of district, which is given according to the 
amount of waste, and they won’t be motivated to promote waste reduction. The district 
government is faced with negative incentive, as it pays for costs up to the final treatment. In 
an incomplete system of sorting and reduction, more reduction will require more funding, 
which is not a wise financial investment.  
Fourth, incentive systems for some specialized waste sorting can be established on the 
basis of market prices. Presently, sorters in the community and recycling companies of waste 
textiles and glass have a positive incentive, which comes from the market and varies from 
one industry to another, determined by the supply and demand of the market and exposed to 
the threat of breakdown of the value chain. Whereas the charging systems of the waste from 
enterprises and public institutions, kitchen wastes and waste from city streams have not 
played a role in defining producer responsibilities or engaging in waste reduction, sorting and 
reuse.  
 
5.2 Specific learning related to financial investment for municipal waste recycling  
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Although there are incentive mechanisms for waste sorting and reduction in Shanghai, 
these are insufficient, absent and misplaced as such. In Table 3 we present a detailed 
qualitative analysis of their perceived impact from our data. Such an absence of correct and 
suitable financial investment will prevent the realization of Shanghai’s target of waste sorting 
and reduction. Therefore, there is a great need for the establishment and completion of a 
more systematic and effective financial investment mechanism. 
Reflecting on what we have learned from this study in Shanghai, any quantitative 
assessment of the impacts of financial investment is greatly hindered by the lack of any 
formal system of accounting of the waste and recycling. Analysis of our qualitative data 
indicates that there is a problem of unclear identification of responsibilities, and inadequate 
financial investment in some areas despite the existence of strong financial investment 
overall. From practices of cities in developed countries, we know that financial investment is 
required for waste sorting and reduction, but it is not the only driving force. It is necessary to 
emphasize the integration of financial investment with law enforcement and sufficient data 
collection. We discuss three different aspects below. 
 
5.2.1 The appropriateness of the financial investment 
The appropriateness of financial investment does not only refer to the amount, but also 
the rationality of measures and approaches. On one hand, the designer of a system should 
fully understand the function of financial investment. In fact, despite the importance of 
financial investment, the use of it should not be exaggerated, and money is not all of it. The 
financial investment we advocate should be appropriate. Though weak incentive is not 
effective, it doesn’t mean financial approaches are the best way to solve the problems. The 
core of the right financial investment is an appropriate incentive. On the other hand, the 
appropriateness of financial investment means giving considerations to both rewards and 
penalizations. There are various incentive approaches, but what is worth mentioning is that a 
reasonable incentive should contain the following characteristics: control the behavioral 
extent of residents, communities, corporations and other social subjects through reward and 
penalization according to performance; realize the target of waste sorting and reduction 
simultaneously satisfy the demand of responsible bodies. Besides, appropriateness is 
reflected by the link between the amount of incentive and the behavior of the object of the 
incentive. Better profits will be given to the object if better activity is performed. Meanwhile, 
the worse the activity of the object, the more severe the penalization will be. 
5.2.2 The need for enforcement 
 
In the practice of municipal household waste sorting and reduction, financial investment 
is important yet not the only one. Financial investment should not be treated alone. In fact, an 
effective enforcement system, together with marketing, education and a market mechanism 
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is extremely important. The reduction effect of foreign practice is not necessarily resulted by 
financial investment. It, at root, is determined by the construction and conduct of relevant 
laws and regulations of solid waste management and is dependent on the definition of the 
relation between relevant interest bodies by law enforcement. On the basis of clarification of 
the rights, responsibilities and interests of all subjects, law enforcement, administrative 
control and incentive system should be set up to facilitate the functioning of market and 
realize the target of waste sorting and reduction.  
The key to realize waste sorting and reduction is to effectively integrate financial 
investment with law enforcement. For example, the key to the promotion of waste sorting and 
reduction by waste fee system and EPR system is the clear definition of the legal 
responsibility of responsible bodies. With actors punished for not assuming their 
responsibilities, financial investment will achieve proper effects under law enforcement. 
Above all, the identification and conduct of the responsibility of waste producers by law is the 
key to the function of financial investment. 
Moreover, it is only by law enforcement that financial investment system can strengthen 
subject behaviors and benefit consolidating and promoting the responsibility of sorting and 
reduction of waste producers. Practices, such as cash coupons, collateral and return, 
subsidies by countries, regions and cities that have carried out successfully, are all based on 
the constraint of law enforcement. So is it with financial subsidies and environmental 
contracts that helps waste recycle and reutilization, and financial investment on objects by 
market mechanism. Waste treatment are consolidated and promoted according to the wills of 
subjects through economic approaches. 
 
5.2.3 Multi-level consistency needed for financial investments 
Currently, cities in China (except Taipei) are faced with the following two problems in the 
introduction and conduct of relevant systems for waste sorting and reduction. One is a 
top-down system from the government, with opacity, lack of public participation in legislation 
and lack of realization of waste problems. These factors lead to inadequate sense of 
responsibility and enthusiasm for engagement at lower levels. The other problem lies in the 
failure of penalization incentives, which is caused by a lack of corresponding top-down 
technical approaches and policy systems, despite the regulation of some penalization items 
in local legislation. Meanwhile, a disabled penalization system places challenges and threats 
to the dignity of local legislation, which is harmful to the realization of the target of law under 
the circumstance of “Bad money drives out good”.  
6. Conclusion  
In conclusion, our study of the pilot scheme in Shanghai suggests that in order for cities 
to be able produce effective household waste sorting and reduction schemes, they need to 
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ensure that a clear understanding is determined of the role of different stakeholders, 
underpinned by good communication and enforcement, and that the scheme is endowed with 
appropriate financial investment within the overall context. A sound system of data collection, 
including normalized definitions and methods, is absolutely vital for monitoring and evaluation. 
Most of these parameters need to be put into place with legislation in order to be effective. 
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Figure 1: Produce and Treatment of Household Garbage in Shanghai China in 2011 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Note1: Chargeable garbage in the chart includes garbage from enterprises and public institutions, kitchen wastes, 
garbage from market places and water garbage. These types of garbage were brought into the charging system in 
the marketization reform of garbage collection and treatment in 2005.Including decoration garbage. 
Note2: Household garbage in the chart refers to the garbage produced by households and collected and treated by 
government freely. 
Note3:Cleaning garbage refers to the garbage produced when cleaning the roads/public areas, which are collected 
and treated by government freely too. 
Note4:The difference between sanitary landfill and ordinary landfill is that the former pays more attention on it’s 
disposal effects on the environment and applies some safety technology and instruments on landfill operation 
according to the plan. The later means no safety technology and instruments and didn’t meet the standard of the 
country. The later often appears in the countryside. 
Note5:Comprehensive disposal means garbage can be classified first, then enter into the sanitary system on the 
basis of level of social and economical development. Such as furniture garbage, green garbage, e-waste, broken 
glass, old clothes and son on which can be resourced in the future. 
Note6: Collected garbage means garbage which was classified and reproduced after entering into the sanitary 
system, such as paper waste, plastic waste, metal waste and so on. 
Note7 :Disposal of food waste means food waste produced by restaurant eatery and so on. They  can be 
reproduced into organic fertilizers and feedstuff. 
Note8: Other disposal garbage means garbage is treated in other ways which are different from the above 
methods. The garbage including but not limited to waste battery, used tube, overdue drug and other toxic 
garbage. 
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Figure2: Increase Trend of Household Garbage in Shanghai China(unit:0.01Mt.) 
Source of data: collected from reports by districts. 
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Figure3: Average Investment Ratio1 
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Table 1:Economic Incentive of Waste Reduction Worldwide 
Note: the table was arranged on the basis of lecture researches by authors. 
 
Policies & 
Measures 
Targeted People Functional Mechanism Principal Features Type 
Countries 
Implemented 
Segment 1: Waste Producer 
Levy garbage 
fees 
Waste Producers stimulate households to reduce waste generation 
through payments to government or garbage 
businesses（metering and charging）; or providing 
funds for waste disposal (equal installments over 
fees) 
Raise funds; reduce 
wastes; promote 
recycling 
Charge 
policies 
Germany, U.S., 
Switzerland, South 
Korea, Japan, Australia, 
Singapore, etc. 
Direct 
incentives 
(vouchers) 
Garbage sorters and 
recyclers 
Stimulate waste sorting among waste producers Directly stimulate 
garbage sorting, 
collection and 
reduction 
Incentive 
system 
the US, Israel, South 
Korea, etc. 
Penalization Violators of garbage 
sorting policy 
Compulsory measures to correct  omission or 
non-compliance to waste sorting 
Enforce waste sorting 
among residents 
Penalize 
system 
Japan ,UK, etc. 
Collateral-return 
system 
consumers of containers 
and packages 
Urge consumers to sort and return collaterals Help sorting, 
recycling and reusing 
Collateral 
system 
Denmark, Finland, 
Germany ,the 
Netherlands, Norway, 
Sweden, France, 
Austria, Belgium, the 
US, South Korea, etc. 
 
Segment 2: Waste recyclers and  scavengers 
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Incorporated 
policies and 
franchise 
Operators of recycle and 
reuse, secondary sorters 
Ensure profit through added value by waste 
recycle and reuse 
Economic incentives 
from the market 
Economic 
incentive 
Developing countries, 
such as the Philippines, 
Malaysia, etc. 
Recycling 
credits 
Waste collectors and 
sorters 
The government is responsible for offering credit 
loans to recyclers and sorters, encourage the 
sustainability of their activities and the optimizing 
and upgrading of operation 
Capital subsidies, 
guiding waste 
recyclers to sort 
garbage 
Support 
measure 
Japan, South Korea, etc. 
Levy garbage 
fees 
Waste producers stimulate households to reduce waste generation 
through payments to government or garbage 
businesses (metering and charging); or providing 
funds for waste disposal (equal installments over 
fees) 
Raise funds; reduce 
wastes; promote 
recycling 
Metering 
and 
charging 
system 
Germany ,the US, 
Switzerland, South 
Korea, Japan, Australia, 
Singapore 
Subsidy Offer subsidies to 
communities that recycle 
and reuse wastes 
Encourage recycling and reusing activities, 
offering technological and financial support 
Facilitate utilization 
of wastes as resource 
environme
ntal 
contract/ag
reement 
Most developed 
countries such as 
Belgium, the U.S., 
Japan 
Recycling 
credits 
Communities with 
utilization of wastes as 
resource 
Offered by charging bodies of the government to 
local eliminators and encourages the sustainability 
of their recycling activities 
Capital subsidies, 
guiding waste 
producers to 
eliminate wastes 
Ditto Israel, the US, etc. 
Segment 3: Manufacturers  
Extended 
Producer 
Responsibility 
Consumers or producers Reduce wastes Reduce productions 
of high wastes at the 
source and lower 
their competitiveness 
Charging 
policy 
Germany, the US, 
Switzerland, etc. 
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Native resource 
tax 
Various manufactures Lower the market competitiveness of native 
resource, and enhance that of renewable resources 
stimulate producers 
to use renewable 
resources 
Ditto Germany, the US, 
Japan, etc.  
Tax Relief Ditto Encourage the use of environment-friendly 
producing activities, technologies and new energy 
Promote the 
development of the 
environmental 
protection industry 
Incentive 
measure 
Germany, the U.S., 
Japan, Denmark, etc. 
Recycling 
credits 
Ditto Offered by charging bodies of the government to 
local eliminators and encourages the sustainability 
of their recycling activities 
Capital subsidies, 
guiding waste 
recycling and  
utilization activities 
Support 
measure 
Israel, the US, etc. 
Segment 4: Sanitation and collection businesses 
Franchise  Private businesses Private businesses are allowed by the government 
to enter the field of waste collection, utilize and 
reuse available wastes while providing service 
market mechanism Economic 
incentive 
Developed countries, 
such as the US  
Tax relief Sanitation and collection 
businesses 
Encourage the use of environment-friendly 
producing activities, technologies and new energy 
Promote the 
development of the 
environmental 
protection industry 
Incentive 
measure 
Germany, the US, 
Japan, Denmark, etc. 
Recycling 
credits 
Ditto Offered by charging bodies of the government to 
local eliminators to encourage the sustainability of 
their recycling activities 
Capital subsidies, 
guiding waste 
producers to 
eliminate wastes by 
themselves 
Support 
measure 
Israel, the US, etc. 
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Segment 5: Terminal disposal companies 
Terminal 
disposal taxes 
Garbage landfills and 
incineration stations 
The government regulates the standards of  
terminal disposal fees, and promotes the transition 
of garbage treatment toward utilization as 
resource and reuse 
Indirectly facilitate 
utilization of wastes 
as resource 
Adjustmen
t measure 
the US, France,  UK, 
Italy 
Tax relief Ditto Encourage the use of environment-friendly 
production activities, technologies and new 
energy 
Promote the 
development of the 
environmental 
protection industry 
Incentive 
measure 
Germany, the US, 
Japan, Denmark, etc. 
Recycling 
credits 
Ditto Offered by charging bodies of the government to 
local eliminators to encourage the sustainability of 
their recycling activities 
Capital subsidies, 
guiding waste 
producers to 
eliminate wastes by 
themselves 
Support 
measure 
Israel, the US, etc. 
Segment 6: Recycle and reuse companies 
Subsidy Provide subsidies for 
companies reusing wastes 
as resource, such as 
composting plants and  
biochemical treatment 
plants 
Encourage recycling and reusing activities, 
offering technological and financial support 
Facilitate the 
utilization of wastes 
as resource 
Incentive 
measure 
Most developed 
countries such as the 
US, Japan, etc. 
Tax Relief Ditto Encourage the use of environment-friendly 
production activities, technologies and new 
energy  
Promote the 
development of the 
environmental 
protection industry 
Incentive 
and 
support 
measure 
Germany, the US, 
Japan, Denmark, etc. 
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Recycling 
credits 
Ditto Offered by charging bodies of the government to 
local eliminators to encourage the sustainability of 
their recycling activities 
Capital subsidies, 
guiding waste 
producers to 
eliminate wastes by 
themselves 
Support 
measure 
Israel, the US, etc. 
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Table 2 :Separation status of Wet Garbage from Dry Garbage in First Pilot 100 Communities by Districts   
Source of data: the garbage amount of 100 communities, reported by districts  
 
  Jiading Putuo Jinshan Changning Xuhui Chongming Jingan Pudong Average 
Garbage Production 
per Household 
(kg/household·day) 
Wet Garbage 0.78 0.27 0.89 0.06 0.46 0.56 1.52 0.36 0.61 
Dry Garbage 0.62 0.85 2.21 0.82 2.57 0.74 3.03 1.8 1.58 
Mixed Garbage 1.39 1.11 3.1 0.89 3.03 1.3 4.55 2.16 2.19 
Separation Rate of Wet Garbage from Dry Garbage (%) 56.02 24.29 28.57 7.07 15.19 42.86 33.33 16.89 28.03 
 
 
Note 1: There are rises and falls in the component proportion of garbage of different districts. In the investigation, respondents say that the difference among pilot communities might be the answer. 
For example, pilot communities in Changning District are mainly located in Hongqiao area, where foreign residents occupy a larger population. Therefore the proportion of wet garbage in these 
communities is relatively low. There a similar situation in Pudong and some other districts. 
Note 2: Separation rate of wet and dry garbage is calculated on the basis of classification from the source of garbage, which does not include mixed treatment after water filtration, which is caused 
by lack of end disposal facilities. Separation rate of wet and dry garbage= wet garbage per household per day/(dry garbage per household per day+ wet garbage per household per day)*100% 
Note 3: The number of households is calculated on the basis of the plan rather than the actual practice of the pilot communities. Therefore, there is uncertainty on the correspondence of the actual 
practice with the original plan. 
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Table 3:Schedule of Economic Incentive for Classification And Reduction of Garbage by Responsible Body 
 
 
  Household Garbage Chargeable Household Garbage 
Incentive Effects of Garbage 
Sorting and Reduction 
Recyclab
le 
garbage 
Wet 
garbage 
Waste 
textiles 
Glasses Others  
Toxic 
garbage 
Garbage 
from 
companie
s 
Kitchen 
wastes 
Construct
ion 
wastes 
Water 
wastes 
Community             
Residents  ＋ 0 0 0 0 0 ＿＿ ＿＿ ＿＿ ＿＿ Commonly there is no 
incentive; probable positive 
incentive is mainly from the 
market 
Garbage 
sorters 
＋ 0 ＋ ＋ 0 0 ＋ ＿＿ ＿＿ ＿＿ Positive incentives are 
common, mainly from the 
market 
Property 
management 
companies 
0 0 0 0 0 0 ＿＿ ＿＿ ＿＿ ＿＿ No incentive or negative 
incentive 
House-owner 
committees 
0 0－ 0 0 0 0 ＿＿ ＿＿ ＿＿ ＿＿ No incentive or negative 
incentive 
Neighborhoo
d committees 
0 0 ＋，weak 0 0 0 ＿＿ ＿＿ ＿＿ ＿＿ Commonly there is no 
incentive; with a weak 
positive incentive 
District            
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Garbage 
producers as 
companies 
and 
restaurants, 
etc. 
＿＿ ＿＿ ＿＿ ＿＿ ＿＿ ＿＿ 0 0 0 0 Garbage fee charging system 
guides producers to reduce 
garbage production, but the 
unreasonable design and the 
difficulty in implement 
makes the effect not obvious 
Small press 
stations 
＋ 0 ＋ ＋ 0 0 0 0 0 0 No incentive dominantly, 
probable positive incentive 
is mainly from the market 
Garbage 
collection 
corporations 
0 ＋ ＋ ＋ ＋ ＋ ＋ ＋ ＋ ＋ Profit is proportion with the 
amount of collection; there 
is negative incentive after 
classification and reduction 
Bureau of 
Environment
al Health of 
district 
＋－ － ＋－ ＋－ － 0 ＋－ － ＋ ＋ Both positive and negative 
incentives. Positive incentive 
is from the decrease of costs; 
negative incentive is from 
the increase of investment in 
classification. Overall, it is a 
negative incentive. 
City            
Recycle and 
reuse 
corporations 
＋ 0 ＋ ＋ 0 0 ＋ 0 ＋ 0 Positive incentive from the 
market 
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Garbage 
disposal 
corporations 
0 0 0 0 0 0 0 0 0 0 No incentive 
Effect of 
classification 
and reduction 
Strong 
positive 
incentive  
No 
incentive 
dominant
ly  
Positive 
incentive 
dominant
ly 
Positive 
incentive 
dominant
ly 
No 
incentive 
dominant
ly  
No 
incentive 
dominant
ly  
Negative 
incentive  
Positive 
incentive 
Positive 
incentive 
in theory, 
but 
weakene
d by 
amount 
Positive 
incentive 
in theory, 
but weak 
in reality  
  
 
In the schedule above, “＋” stands for positive incentive. It corresponds to the expect of the subject, which means the profit of the incentive object rises or falls with the rises and falls of amount 
respectively. 
“－” stands for negative incentive. It deviates from the expect and weakens the goal of the subject, which means the profit of the incentive object rises or falls with the falls and rises of amount 
respectively. 
“0” stands for no incentive or zero incentive. It has low correlation with the expect, which means the effect of incentive has no relation with its amount. 
“――” means that there is no correlation between the two. 
The municipal government, as the top of administrative management, can be positioned as the subject of incentive, because realizing the classification and reduction of household garbage is one 
of its major duties. Comparatively, district government, town, neighborhood committee, house-owner committee, property management corporation and other departments are incentive objects 
for the superiors and incentive subjects for their inferiors. So they need to issue and receive incentive. As the end of the project, residents and garbage collection and treatment corporations seem 
more like incentive objectives. The sustainability of their classification and reduction activities depend on the effectiveness of the economic incentive they receive. 
The current economic incentive approaches are mainly reward or penalization with material or money from administration, tax relief or subsidies from the finance, and profit or loss from the 
market discipline. 
